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SECTION 1 
SPECIFICATION 



Change information, if any, affecting this section will be found at the 
rear of the manual. 



INTRODUCTION 

The Type 7A13 Vertical Plug-In is a DC coupled differential 
comparator with excellent common-mode rejection and medi- 
um gain characteristics for medium level applications. The 
Type 7A13 is designed for use in Tektronix 7000 series oscillo- 
scopes. It may be used as a differential input preamplifier 
or conventional preamplifier in addition to its use as a com- 
parator. 

In the differential input mode, the dynamic range allows 
the application of common-mode signals up to +10 or —10 
volts to be applied to the unit without attenuation. Common- 
mode rejection ratio of at least 20,000:1 at DC to 100 kHz 
permits measurements of differential signals less than 1 mV 
in amplitude on 10 volt common-mode signals. 

When used as a differential comparator, the Type 7A13 
has an effective offset range of 10,000 divisions. 

ELECTRICAL CHARACTERISTICS 

The electrical characteristics described in Table 1-1 are 
valid over the stated environmental range for instruments 
calibrated at an ambient temperature of +20° C to +30° C 
and after a 20-minute warmup period unless otherwise noted. 



TABLE 1-1 

ELECTRICAL CHARACTERISTICS 



Characteristic 


Performance Requirement 


Deflection Factor 
(VOLTS/DIV) 
Calibrated Range 


1 mV/Div to 5 V/Div, 12 steps in 
a 1, 2, 5 sequence 


Gain Ratio Accuracy 


Within 1.5% of GAIN adjusted 
at 1 mV/Div 


Uncalibrated (Vari- 
able) 


Continuously variable: extends 

deflection factor to at least 12.5 
V/Div 


Common Mode Signal 
Range 

1 mV/Div to 
50 mV/Div; 

X10 Vc In 


At least +10 V and — 10 V 


10 mV/Div to 
50 mV/Div; 
X10 Vc Out 


At least +100 V and — 100 V 


0.1 V/Div to 
0.5 V/Div ; 
X10 Vc In 




0.1 V/Div to 
0.5 V/Div; 
X10 Vc Out 


At least +500 V and —500 V 



Characteristic 


Performance Requirement 


1 V/Div to 5 V/Div; 
X10 Vc In 


At least +500 V and —500 V 


Differential Signal Range 
1 mV/Div to 
50 mV/Div; 

X10 Vc In 


At least 0.8 V 


10 mV/Div to 
50 mV/Div; 
X10 Vc Out 


At least 8 V 


0.1 V/Div to 
0.5 V/Div; 
X10 Vc In 


0.1 V/Div to 
0.5 V/Div; 
X10 Vc Out 


At least 80 V 


1 V/Div to 5 V/Div; 
X10 Vc In 


Frequency Response 
(8 Div Reference) 
FULL Bandwidth 
Upper Limit 


See Table 1-2, System Characteris- 
tics 


AC (Capacitive) 
Coupled Input 
Lower Bandwidth 
Frequency 


10 Hz or less 


5 MHz Bandwidth 


DC to 5 MHz within 500 kHz 


Overdrive Recovery 
(1 X Attenuator at 
1 mV/Div) 


1 jaS to recover within 1.5 mV, 
0.1 ms to recover within 0.5 mV, 
following removal of a +10 V or 
— 10 V overdrive signal. 


Common Mode Rejec- 
tion Ratio 
1 mV/Div to 
50 mV/Div 
XIOVc In • 

DC to 100 kHz 


See Fig. 1-2. 

At least 20,000:1, 20 V P-P or less 
test signal 


100 kHz to 1 MHz 


At least 10,000:1, 10 V P-P or less 
test signal 


1 MHz to 10 MHz 


CMRR = 10,000/frequency (MHz) 


20 MHz 


At least 250:1, 1 V P-P or less test 
signal 


10 mV/Div to 
50 mV/Div; XIOVc 
Out; 

0.1 V/Div to 5V/Div; 
XIOVc In or Out 
DC to 10 kHz 


At least 2,000:1 


AC Coupled at 60 Hz 


At least 500:1 
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TABLE 1-1 

ELECTRICAL CHARACTERISTICS (cont) 



Characteristic 


Performance Requirement 


Maximum Input Voltage 
DC (Direct) Coupled 
DC + Peak AC 
1 mV/Div to 
50 mV/Div; 

X10 Vc In 


40 VDC. 40 V Peak AC, 1 kHz or 
less 


10 mV/Div to 
50 mV/Div; 
X10 Vc Out 


400 VDC. 400 V Peak AC, 1 kHz 
or less 


0.1 V/Div to 
0.5 V/Div; 
X10 Vc In 


0.1 V/Div to 
0.5 V/Div; 
X10 Vc Out 


500 VDC. 500 V Peak AC, 1 kHz 
or less 


1 V/Div to 5 V/Div; 
X10 Vc In 


AC (Capacitive) Coup- 
led Input 


500 VDC 


Input R and C 
Resistance 


1 Mft within 0.15% 


Capacitance 


20 pF within 0.4 pF at 1 MHz 


R and C Product 


Within 1 % for all deflection fac- 
tor settings. 


Maximum Gate Current 
0° Cto +35° C 
Both Inputs 


0.2 nA or less (0.2 Div at 1 mV/Div) 


+35° C to +50° C 
Both Inputs 


2 nA or less (2 Div at 1 mV/Div) 


DC Drift 

Drift With Time (Am- 
bient Temperature 
and Line Voltage Con- 
stant) 

Short Term 


1 mV P-P or less or 0.1 Div or less 
(whichever is greater) any 1 minute 
interval within 1 hour after 20 min- 
utes from turn-on. 


Long Term 


1 mV P-P or less or 0.1 Div (which- 
ever is greater) during any hour 
after the first hour and 20 min- 
utes from turn-on. 


Drift With Ambient 
Temperature (Line Vol- 
tage Constant) 


2 mV/10° C or less, 0.2 Div/10° C 
(whichever is greater) 


Amplifier Crosstalk 


1% or less shift within 20 ns of 
step of fast rise squarewave when 
switching undriven input from 
GND to AC or DC 



Characteristic 


Performance Requirement 


Displayed Noise (Tan- 
gentially Measured) 


400 /xV or less at 1 mV/Div in 
Type 7700-Series or 7500-Series 
indicator oscilloscope 


Comparison Voltage 
Range 


0V to ±10 V 


Accuracy 


± (0.1 % of setting +5 mV) 


Electrical Zero 


0.5 mV or less 


Vc OUT Resistance 


15 kO within 5 kQ 



SYSTEM CHARACTERISTICS 

The system characteristics listed in Table 1-2 are to specify 
the performance of the plug-in with various combinations of 
probes and in various indicator oscilloscopes. 



TABLE 1-2 

SYSTEM CHARACTERISTICS 



Indicator 


Probe 


BW 


Tr 


Accuracy (%) 


Sig Out 


Oscilloscope 




(MHz) 


(ns) 


2 ext 


3 int 


4 INT 


BW 


Tr 










CAL 


CAL 


CAL 


(MHz) 


(ns) 


7500 Series 


None 


75 


4.7 


1.5 


2.5 


3.5 


55 


6.4 




P6053 


75 


4.7 


1.5 


2.5 


3.5 


55 


6.4 




P6048 
















7700 Series 


None 


100 


3.5 


1.5 


2.5 


3.5 


55 


6.4 




P6053 


100 


3.5 


1.5 


2.5 


3.5 


55 


6.4 




P6048 






i 











Accuracy percentages apply to all deflection factors. Plug-in GAIN 
must be set at the deflection factor designated at the applicable 
position of the VOLTS/DIV switch. When a probe is used, the GAIN 
must be set with the calibration signal applied to the probe tip. 
2 EXTernal CALibrator, 0°C to 50°C: The plug-in GAIN is set (within 
10°C of the operating temperature) using an external calibrator 
signal whose accuracy is within 0.25%. 

3 INTernal CALibrotor, 15°C to 35°C: The plug-in GAIN is set using 
the oscilloscope's own calibrator and the instrument is operating 
within the +15°C to +35°C range. 

4 INTernal CALibrator, 0°C to 50°C: The plug-in GAIN is set (within 
10°C of the operating temperature) using the oscilloscope's own 
calibrator, and the instrument is operating within the 0°C to + 50°C 
range. 

ENVIRONMENTAL CHARACTERISTICS 
TABLE 1-3 

Type 7A13 tested alone (separate from indicator oscil- 



loscope) 


Characteristic ^ 


Information 


Altitude 

Non-Operating 


To 50,000 feet and —55° C 


Transportation 


Qualified under National Safe 
Transit Committee test procedure 
1A, Category II 




VOLTS 
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SECTION 2 

OPERATING INSTRUCTIONS 

Change information, if any, affecting this section will be found at the 
rear of the manual. 



INTRODUCTION 

This section opens with a brief functional description of 
the front panel controls and connectors (see Fig. 2-1). Fol- 
lowing the front-panel description is a familarization pro- 
cedure and finally a general discussion of the operation of 
the Type 7A1 3. 

FRONT-PANEL DESCRIPTION 

Rj n 00 

1-50 mV Illuminates when switch SI 0, lo- 

VAR IN ONLY cated on left side of plug-in, is 

Lamp turned cw. This indicates a + IN- 

PUT and —INPUT impedance of 
approximately infinity whenever 
the VOLTS/DIV switch is set be- 
tween 1 and 50 mV, VARIABLE 
knob is pushed in and 1 X probe 
is used. 

NOTE 

With VOLTS/DIV switch set from .1 V to 5 V, lamp 
remains on but input impedance is ~1 MQ and the 
input attenuator is uncompensated. 

COMPARISON VOLT- Selects polarity of comparison 

AGE (Vc) + and — voltage. 

Pushbuttons 

COMPARISON VOLT- Reads out the voltage selected by 
AGE (Vc) Counter the COMPARISON VOLTAGE (Vc) 

selector switch in conjunction with 
FINE, VOLTS/DIV and PULL VAR 
for X10 Vc RANGE controls. 

COMPARISON VOLT- Selects one of ten voltage ranges 
AGE (Vc) Selector Switch from zero to ten volts. 

COMPARISON VOLT- Selects a comparison voltage 

AGE (Vc) FINE Control somewhere between the lower and 
upper limits of the selected band 
above. 

4- INPUT Connector Provides a means of connection for 
signal measurement. It also con- 
tains a third contact for probe at- 
tenuation information. This ena- 
bles proper readout of deflection 
factor on CRT screen. 

+ INPUT Mode Switch Selects AC, DC, GND or Vc Mode 
of coupling for the -f- INPUT chan- 
nel. 

VOLTS/DIV Switch Selects one of twelve volts per 

division calibrated deflection fac- 
tors. 

VOLTS/DIV VARIABLE Selects an uncalibrated deflection 

Control factor somewhere between the 
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twelve settings above. A minimum 
of 2.5 times the VOLTS/DIV switch 
setting is provided. The UNCAL 
lamp lights when the VARIABLE 
control is out of the CAL detent. 

PULL VAR FOR X 10 Vc Selects a Vc Range 10X that 
RANGE Switch which is indicated on the VOLTS/ 

DIV Switch. This only occurs for 
10, 20, and 50 mV/DIV and .1, .2 
and .5V/DIV settings of the 
VOLTS/DIV switch. 

—INPUT Connector Same as for + INPUT connector 
above. 

-INPUT Mode Switch Selects AC, DC, GND or Vc Mode 
of coupling for the — INPUT chan- 
nel. 

STEP ATTEN BAL Adjusts for no vertical trace move- 

Adjustment ment as the VOLTS/DIV switch 

setting is varied from 10 to 50 
mV/DIV. 

GAIN Adjusts the amplifier gain for dis- 

Adjustment play of four divisions upon receipt 

of a 4-mV signal when the VOLTS/ 
DIV switch is set to 1 mV and the 
VARIABLE control is set to CAL. 

X10 BAL Adjusts for no vertical trace move- 

Adjustment ment as VARIABLE (VOLTS/DIV) 

knob is pulled out. 

VAR BAL CONTROL Adjusts for no vertical trace move- 
ment as VARIABLE (VOLTS/DIV) 
knob is varied throughout its 
range. 

Release Latch Pull to withdraw plug-in from indi- 

cator oscilloscope. 

BW Switch Selects either the FULL bandwidth 

or 5 MHz. 

Vc OUT 0-1 0 V Jack Provides a convenience outlet for 
the comparison voltage. 

POSITION Control Positions display vertically on the 

CRT face. 

Vc REF-IDENT Pushbut- Internally disconnects both signals 
ton and applies Vc to both inputs. 

TEST SETUP CHART 

Fig. 2-10 shows a drawing of the front panel controls and 
connectors. This chart can be reproduced and used as a test 
setup record for special measurements and applications, or 
it may be used as a training aid for operation of the Type 
7A13. 
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Fig. 2->l . Front panel of Type 7A13 and Location of switch $10. 



FAMILIARIZATION PROCEDURE 
First-Time Operation 

The following steps are intended to help get the trace on 
the CRT screen quickly and to prepare the unit for immedi- 
ate use. These steps are intended to acquaint you with some 
of the basic functions of the Type 7A1 3. 

1. Insert the unit into the oscilloscope vertical plug-in com- 
partment. 

2. Set the Type 7A13 front panel controls as follows: 



COMPARISON VOLTAGE 


Pushbuttons canceled 


(Vc) Polarity 


COMPARISON VOLTAGE 


As Is 


[Vc] Counter 


+ INPUT Made 


GND 


— INPUT Mode 


GND 


VOLTS/DIV 


1 V 


VARIABLE 


In (CAL) 


STEP ATTEN BAL 


As is 


GAIN 


As is 


X10 BAL 


As is 


VAR BAL 


As is 


BW 


5 MHz 


POSITION 


Midrange 



3. Turn the intensity control fully counterclockwise and 
turn the oscilloscope Power ON. Preset the time-base plug-in 
triggering controls for a .5 ms/div sweep rate and automatic 
triggering, 

4. Wait about five minutes for the Type 7A13 and the 
oscilloscope to warm up. 

NOTE 

About five minutes is sufficient warmup time when 
using the Type 7A13 for short-term DC measure- 
ments. For long-term DC measurements using the 
lower deflection factors, allow at least one hour. 

5. Adjust the Intensity control for normal viewing of the 
trace. The trace should appear near the graticule center, 

6. Using the POSITION control, position the trace two 
divisions below graticule center. Set VOLTS/DIV to 1 mV 
position. 

NOTE 

If trace is off screen, perform Front Panel Adjust- 
ments outlined below. 

7. Apply a 4 mV peak-fo-peak calibrator signal through a 
coaxial cable to the + INPUT connector on the Type 7AI3. 

8. For DC coupled, single-ended operation, set the -j- 
INPUT Mode Switch to DC. The display should be 4 divi- 
sions of square wave amplitude with the boitom of the dis- 
play at the reference established in step 6 . 
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NOTE 

If the display amplitude is not 4 divisions, adjust 

GAIN control until it is. 

9. For AC coupled, single-ended operation, re-position the 
display to place the bottom of the display at the graticule 
center line. 

10. Set the -j- INPUT Mode switch to AC and note that the 
display shifts downward about two divisions to its average 
level. 

11. Disconnect the calibrator signal from the + INPUT 
connector. Set both the + and — INPUT Mode switches to 
GND. 

12. Set the VOLTS/DIV switch to 1 mV. Vary the VARI- 
ABLE control throughout its range while observing the CRT 
trace. 

13. Adjust VAR BAL so that there is no trace movement 
while varying the VARIABLE control. 

14. Set the VOLTS/DIV switch to 10 mV. Pull out the 
PULL VAR FOR X10 Vc RANGE knob while observing the 
CRT trace. 

15. Adjust X10 BAL so that there is no trace movement 
while moving the PULL VAR FOR X10 Vc RANGE knob 
in and out. 

16. Vary the VOLTS/DIV switch from 20 mV to 1 mV while 
observing the CRT trace. 

17. Adjust STEP ATTEN BAL so that the trace does not 
move while varying the VOLTS/DIV switch. 

18. Repeat steps 12 through 17 until optimum settings are 
achieved. 

19. Push in the PULL VAR FOR X10 Vc RANGE knob. 

Front Panel Adjustments 

These adjustments must be accomplished each time the 



Type 7A13 is placed in a different oscilloscope, and should 
be checked prior to any critical measurement of waveforms. 


Preset Type 7A13 controls as 
COMPARISON VOLTAGE 


follows: 


(Vc) Polarity 


Pushbuttons canceled 


Counter 


As is 


+ INPUT Mode 


GND 


- INPUT Mode 


GND 


VOLTS/DIV 


1 V 


VARIABLE 


In (CAL) 


STEP ATTEN BAL 


Midrange or as is 


GAIN 


As is 


X10 BAL 


Midrange or as is 


VAR BAL 


Midrange or as is 


BW 


5 MHz 


POSITION 


Midrange 



Allow 20 minutes warmup time. 



VAR BAL Adjustment 

1. Set the VOLTS/DIV switch to 1 mV. 



2. Vary the VARIABLE control throughout its range while 
observing the CRT trace. 

3. Adjust VAR BAL so that there is no trace movement 
while varying the VARIABLE control. 

X10 BAL Adjustment 

1. Set the VOLTS/DIV switch to 10 mV. Pull out the PULL 
VAR FOR X10 Vc RANGE knob while observing the CRT 
trace. 

2. Adjust X10 BAL so that there is no trace movement 
while moving the knob in and out. 

STEP ATTEN BAL Adjustment 

1. Vary the VOLTS/DIV switch from 20 mV to 1 mV while 
observing the CRT trace. 

2. Adjust STEP ATTEN BAL so that the trace does not move 
while varying the VOLTS/DIV switch. 

3. Repeat all balance adjustments until optimum settings 
are achieved. 

GAIN Adjustment 

1. Using the POSITION control, position the CRT trace two 
divisions below graticule center. 

2. Set VOLTS/DIV to 1 mV position. 

3. Apply a 4 mV peak-to-peak calibrator signal through a 
coaxial cable to the + INPUT connector on the Type 7A13. 

4. Set the -f INPUT Mode switch to DC. 

5. Adjust GAIN control so that the display is four divisions 
of square wave amplitude with the bottom of the display at 
the reference established in step 1. 

Examples of Voltage/Signal Measurements 

The following examples are provided to illustrate some of 
the various ways to use the Type 7A13. All examples pre- 
sume that the Type 7A13 front panel adjustments have been 
made satisfactorily. These examples can be duplicated by 
an operator to serve as familiarization exercises. 

NOTE 

In all the following examples the COMPARISON 
VOLTAGE (Vc) selector switch setting and the 
VOLTS/DIV switch setting have been set on the 
basis of a voltage input whose approximate value 
is known (and is within the maximum input signal 
range of the Type 7A13). The switch settings can 
be determined by single ended or differential com- 
parator methods, starting with the least sensitive 
VOLTS/DIV setting of 5 V. 

Example 1 

Single-ended operation, DC measurement. Measure the 
voltage output of 1.5 volt battery. (Any convenient DC 
source can be substituted by setting the deflection factor 
of the Type 7A13 accordingly.) 
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Set the Type 7A13 front panel controls as follows: 
COMPARISON VOLTAGE 



(Vc) Polarity 


Either ± or — 


Counter 


As is 


± INPUT Mode 


GND 


± INPUT Connector 


Connected to battery posi- 
tive terminal. Negative ter- 
minal connected to ground 
lug on front panel. 


- INPUT Mode 


GND 


VOLTS/DIV 


.5 V 


VARIABLE 


In (CAL) 


STEP ATTEN BAL 


As is 


GAIN 


As is 


X10 BAL 


As is 


VAR BAL 


As is 


BW 


5 MHz 


POSITION 


Midrange 



1. Use the POSITION control to set the trace to DC-0 ref- 
erence. 

2. Place the -f- INPUT Mode switch to DC. 

3. Multiply the number of divisions displayed by the 
deflection factor (3 div X .5 V = 1.5 V). The input voltage 
amplitude is 1.5 volts ±0.3 Volts. 

Note that if the input voltage were applied to the — IN- 
PUT connector, with + INPUT Mode switch set to GND and 
— INPUT Mode switch set to DC, the 3 divisions deflection 
would be downward, since the — INPUT causes an inverted 
presentation. 



Example 2 

Differential Comparator Operation, DC measurement. 

Measure the voltage output of a 1.5 volt battery. 

Type 7A13 control settings are the same as for Example 1 
above. 

1. Set the COMPARISON VOLTAGE (Vc) Polarity switch to 
+ and set the counter to 0150. 

2. Set the VOLTS/DIV switch to 20 mV and pull the VARI- 
ABLE knob out. 

3. Using the POSITION control, set the trace to DC zero 
reference (graticule center). 

4. Simultaneously place the ± INPUT Mode switch to DC 
and the — INPUT Mode switch to Vc. 

5. Using COMPARISON VOLTAGE (Vc) controls, reset the 
trace to DC zero reference. 

6. Read the value of the input voltage on the COMPARI- 
SON VOLTAGE (Vc) counter. It should be 1.5 volts ±0.3 
volts. 

7. Disconnect the battery from the Type 7A13. 



Example 3 

Single-Ended Operation — waveform measurement. 

Measure the oscilloscope Calibrator ± Volts waveform and 
DC level. 

Type 7A13 control settings are same as for examples 1 and 
2 except for the ± INPUT connector, which should be con- 
nected to the Calibrator ± VOLTS BNC connector on the 
oscilloscope via coaxial cable. 

1. Set the oscilloscope Calibrator control to 40 mV. 

2. Set VOLTS/DIV Switch to 10 mV position. 

3. Set ± INPUT Mode switch to AC and set the time base 
plug-in controls for a stable display. 

4. Compute AC waveform amplitude using the POSITION 
control to establish a reference line. (4 divisions deflection 
times 10 mV/DIV yields 40 mV.) 

5. Determine the DC level on which the waveform is rid- 
ing, using the method shown in either example 1 or 2. Note 
the DC level of the top or bottom of the waveform as de- 
sired. 

NOTE 

For signals with a high AC to DC ratio, the AC and 
DC signal components can be evaluated simultan- 
eously by using DC coupling and single-ended 
operation methods. 

6. Disconnect the calibrator signal. 



Example 4 

Differential Amplifier Operation. Measure the difference 
between the oscilloscope Calibrator ± Volts output and a 
modified Calibrator ± Volts output. 

Type 7A13 control settings are the same as example 3 
above with the following exception: The — INPUT Mode 
switch should be set to DC. 

1. Set the VOLTS/DIV Switch to 20 mV position. 

2. Connect a BNC T adapter to the Calibrator ± Volts 
output of the oscilloscope. 

3. Build and connect a voltage divider to the BNC T as 
illustrated in Fig. 2-2. 

4. Connect the junction of the two resistors to the — IN- 
PUT connector via coaxial cable. 

5. Set the oscilloscope Calibrator ± Volts output to 4 V. 

6. Simultaneously place the ± INPUT and — INPUT Mode 
switches to GND. Using the POSITION control, set the trace 
to DC zero reference two divisions below the graticule hori- 
zontal centerline. 

7. Simultaneously set both the ± and — INPUT Mode 
switches to DC. Adjust the time-base plug-in triggering con- 
trols if necessary to obtain a stable waveform. 

8. Measure the waveform amplitude. It will be equal to 
the difference between the two input waveforms. (Approxi- 
mately 40 mV; this is the voltage drop across the 1 kO resis- 
tor.) 
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Fig. 2-2. Voltage divider for Example 4. 



Use of Vc OUT 0-10 V Tip Jack 

COMPARISON VOLTAGE (Vc) can be read on a voltmeter 
or oscilloscope connected to the Vc OUT 0-1 OV tip jack. The 
reading (or waveform) must be equal to the COMPARISON 
VOLTAGE Vc switch and FINE control settings. If a high im- 
pedance voltmeter (one which draws little or no current from 
the measured voltage) is used, the measured value will be 
within =h0.5% or ±5 mV (whichever is greater) of the Vc 
counter. 

If an accurate, low impedance measuring device is used, 
the value read will be the value applied to the selected input 
channel, but it will disagree with the COMPARISON VOLT- 
AGE Vc control setting. The amount of difference will be 
determined by the degree of loading caused by the measur- 
ing device. When the load is removed by disconnecting the 
measuring device, the voltage will return to that indicated by 
the COMPARISON VOLTAGE Vc control. 

The Vc OUT 0-10 output can be used as a voltage source, 
but the accuracy and value of Vc will vary inversely with the 
loading effect, just as it does with a measuring device con- 
nected to it. This is illustrated in Fig. 2-3. 

NOTE 

Use shielded leads whenever connecting to the Vc 
OUT 0-10 tip jack while waveform observations 
are being made. Stray voltages of 10 mV or more 
can be picked up by unshielded cables connected 
to the tip jacks. This induced noise will affect the 
CRT presentation whenever one of the INPUT Mode 
switches is in the Vc position. 

GENERAL DISCUSSION 

An oscilloscope with a differential amplifier is a device 
that amplifies and displays a voltage difference that exists 
at every instant between signals applied to its two input chan- 
nels. The following' conclusions can be drawn from this def- 
inition when two signals are applied to the input of a dif- 
ferential amplifier. 




Fig. 2-3. Effect of external load connected to Comparison Voltage 
Vc OUT 0-10 V jack. 
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Fig. 2-4. The effect of difference in source impedance upon apparent CMRR. (High impedance sources.) 



1. If two signals are in phase and of equal amplitude (here- 
after called common-mode), the output will be zero. 

2. If the two signals are in phase but of different ampli- 
tudes, the output will equal the amplitude difference. 

3. 3f the two signals are out of phase and of equal ampli- 
tude the output will be the phasor difference between the 
two signals, (Sinusoidal signals.) 

4. If the two signals are out of phase and of different am- 



plitude the output signal is a complex quantity derived from 
both amplitude and phase differences. 

Common Mode Rejection 

The definition of the term 'differential amplifier ' implies 
a rejection of equal amplitude, coincident signals. This impli- 
cation is correct. However, the degree of rejection depends 
primarily on the symmetry of the amplifier inputs. The 
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Fig. 2-5. The effect of difference in source impedance upon apparent CMRR. (Low/ impedance sources.} 



amount of difference signal contributed by a particular am- 
plifier at a specific frequency is documented with a math- 
ematical relationship that is called the common-mode re- 
jection ratio (CMRR), This ratio and associated terms are 
defined as follows: 



Common-Mode Rejection Ratio (CMRR): Ratio of the deflec- 
tion factor for a common-mode signal to the deflection factor 
for a differential signal. 

NOTE 

Since the differential amplifier is part of an oscillo- 
scope, the output signal used to calculate the CMRR 
is measured from the CRT screen and VOLTS/DIV 
switch setting. Thus, a differential amplifier that 
produces a .001 volt output when driven by a 10 
volt peak to peak common-mode signal has a 
CMRR of 10 * .001 or 10,000:1. 



Common-Mode: Refers to signals that are identical in both 
amplitude and time, ft is also used to identify the respective 
ports of Iwo signals that are identical in amplitude and time. 



Common-Mode Rejection: The ability of a differential am- 
plifier to reject common-mode signals. 
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Amplitude and Common-Mode Rejection 

In the text which follows, the term “Input Signal Range” 
means the common-mode operating range of voltage through 
which the amplifier will produce a usable output. This should 
not be confused with the maximum (non-destructive) input 
voltage, which is related to the breakdown limits of the am- 
plifier components. 

Factors Which Affect CMRR 

Frequency. Since the common-mode output voltage is 
a factor of phase differences as well as gain between chan- 
nels, the frequency of the input common-mode signal has a 
direct bearing on the CMRR. Generally, as the frequency 
of the input signal increases, the CMRR decreases. (Exception: 
with AC-coupled input, the CMRR will become higher as fre- 
quency is increased from DC to over 100 Hz.) 

Source Impedance. The specified CMRR assumes that 
the points being measured have identical source impedance. 
The source impedance and the amplifier input impedance 
form an RC divider which determines the portion of the signal 
that appears across the amplifier input, and the apparent 
effect on CMRR. See Fig. 2-4 and 2-5. 

The user may desire to construct a similar graph of CMRR 
versus frequency for specific applications where the source 
or signal transporting lead impedances are unbalanced. Fig. 
2-6 is included for this purpose. 

Signal Transporting Leads. A principal requirement for 
maximum CMRR is that the signals arrive at the amplifier's 
two inputs with no change in phase or amplitude. Slight 
differences in attenuation factors, or phase shift between two 
input attenuators may reduce the CMRR 20% or more. 

Attenuator probes extend the usable voltage range of a 
differential amplifier by reducing the input signal level below 




Fig. 2-7. Simplified circuit showing the limitation in CMRR that a 
difference between attenuator probes can introduce. Differences be- 
tween probe capacitances add to the effect on AC signals. 



(A) Right 




(B) Wrong 




(C) Wrong 




equipment under test 



Fig. 2-8. Connecting a differential amplifier across a circuit. 

the maximum common-mode input voltage. However, a re- 
duction in the apparent CMRR will usually occur because of 
component value differences within the probes. For example, 
Fig. 2-7 illustrates the change in CMRR (apparent) due to 
X10 probes that are within 1, 2, and 3% of their attenu- 
ation value. 
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Fig. 2-9. Circuit connections for the slide-back technique described 
in the text. 



electrically connect the probe or signal lead shields together 
at the probe body or signal source, but not to the instrument 
ground. See Fig. 2-8. 

Differential Amplifier Applications 

In differential measurements, each input to the amplifier 
acts as a reference for the other, and ground connections are 
only used for safety reasons. Fig. 2-9 illustrates a typical 
differential measurement application. 

In applications such as examining a signal superimposed 
on some DC level with DC coupling, an offset voltage may be 
applied to the other input of the differential amplifier to slide 
the signal back on the CRT screen. For example, if a differ- 
ential amplifier is set for a vertical sensitivity of lOmV/div 
(trace on-screen) and a +1 volt DC voltage is applied to the 
+ INPUT, the trace will be deflected upward off screen. If 
a +1 volt DC voltage is now applied to the — INPUT, the 
trace will return on screen, or the' signal will slide back on 
screen as a result of the voltage (slide-back voltage) applied 
to the — INPUT. The DC voltage applied to — INPUT is, in 
effect, common-mode with that of the + INPUT; thus, both 
are rejected by the amplifier. 



In measurements where attenuator probes must be used 
because of high voltage levels, and at the same time a high 
(above 100:1) CMRR must be maintained, the Tektronix Type 
P6023 Probe is recommended. The attenuation factor of this 
X10 low capacitance probe is adjustable over a ±2.5% 
range. 

Ground Connections. Proper grounding reduces signals 
generated from ground loop currents. It is usually best to 



X-Y Applications 

For X-Y applications refer to the indicator oscilloscope in- 
struction manual. 

Passive Signal Coupling Methods 

See Table 2-1 for passive signal coupling methods. 
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SECTION 3 

CIRCUIT DESCRIPTION 



Type 7A13 



Change information, if any, affecting this section will be found at the 
rear of the manual. 



INTRODUCTION 

A block diagram description covering the general con- 
figuration of each circuit in the Type 7A13 is included in 
this section. Following the block diagram description is a 
detailed description of each circuit and the function of speci- 
fic components. 

Simplified drawings are provided when necessary for 
easier circuit understanding. Complete schematic diagrams 
are included in the Diagrams section. These should be re- 
ferred to throughout the detailed circuit description. 

The values of resistors on the schematics are in ohms un- 
less otherwise specified. Capacitor values are indicated in 
the following manner unless otherwise noted: Whole numbers 
indicate the value in pF; decimal numbers indicate the value 
in /iF. Example, 33 is in pF and 0.1 is in julF. 

BLOCK DIAGRAM DESCRIPTION 

(See Block Diagram Pullout preceding sche- 
matics.) 

INPUT Mode Switches 

A signal applied to either the + or — ■ INPUT connector, 
as shown by the heavy lines on the Block Diagram, passes 
through the INPUT Mode switches to the Input Attenuators. 
The signals can be AC coupled, DC coupled or disconnect- 
ed internally. (See schematic diagram No. 1.) 

Input Attenuators 

The Input Attenuators for the + and — inputs are iden- 
tical and are conventional RC type attenuators. The adjust- 
able resistive elements facilitate matching the — and 
+ attenuators to obtain optimum DC common-mode rejec- 
tion and precise attenuation ratios. 

The attenuators (Schematic Diagram No. 1) are frequency 
compensated voltage dividers which provide constant atten- 
uation at all frequencies within the bandwidth of the instru- 
ment. This is done while maintaining the same input 
time constant (20 ^as) for all positions of the VOLTS/DIV 
switch. 

Input Source and Emitter Followers 

The Input Source and Emitter Followers are designed to 
present a very high input impedance at the attenuator's 
output. Bootstrapping is incorporated in these stages for 
each of the + and — inputs. A Current Source is used to 
supply the proper -amount of current for these stages. Each 
side also contains an overload protection circuit to guard 
against signals larger than approximately ±15 volts. 



Differential and Common Mode Signal Clamps 

The Differential and Common Mode Signal Clamps 
allow the following Differential Comparator stage to op- 
erate linearly for all input conditions. The Differential 
Mode Signal Clamp limits the output levels to approximately 
±1 volt, whereas the Common Mode Signal Clamp allows a 
window of at least ±10 volts. 



Differential Comparator 

The Differential Comparator operates upon the limited 
output of the Differential and Common Mode Signal Clamps. 
The amplified signal is then applied to the XI and X10 
Gain Switching Amplifier. The gain of the Differential Com- 
parator is approximately 1. 



X 1 and X 1 0 Gain-Switching Amplifier 

The XI and X10 Gain-Switching Amplifier receives the 
differential signals from the Differential Comparator. Gain 
switching is accomplished by the VOLTS/DIV switch through 
relays. 



X 1 , X 2 and X 5 Gain-Switching Amplifier 

XI, X2 and X5 Gain Switching Amplifier receives the 
differential signals from the XI and X10 Gain-Switching 
Amplifier. Gain switching is accomplished by the VOLTS/DIV 
switch through relays. 



Driver Amplifier 

The Driver Amplifier receives the differential signals 
from the XI, X2 and X5 Gain-Switching Amplifier. The 
gain of the Driver Amplifier is approximately 2.5. Its output 
signals are applied to the Output Amplifier. 



Output Amplifier 

The Output Amplifier further amplifies the differential sig- 
nals and then applies them to the input of the oscilloscope 
through pins All and Bll of the interconnecting plug. 

Trigger Amplifier 

The Trigger Amplifier receives a portion of the Output 
Amplifier signal in order to provide + and — internal 
triggers to drive the Trigger Generator circuit in the time- 
base plug-in unit. 



® 
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Fig. 3-1. Input Source and Emitter Follower, simplified schematic diagram. 
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Feedback Limiter 

The Feedback Limiter is driven by the Trigger Amplifier 
output signals. A portion of these signals is re-applied to 
XI and X10 Gain-Switching Amplifier to limit the incoming 
signal and prevent any of the amplifier stages from satu- 
rating or cutting off. 

Readout Logic 

The Readout Logic circuit provides the necessary output 
signals for VOLTS/DIV display on the CRT screen. These 
output signals are present at several pins of the intercon- 
necting plug. The third contacts of the -f and — INPUT con- 
nectors sense the attenuation of the probes and provide 
proper multiplying factors to the readout circuits. 

Vc Decimal Lamp Driver 

The Vc Decimal Lamp Driver illuminates either the XI, 
X10 or XI 00 lamps depending on the attenuation of the 
probe and internal attenuator. 

DETAILED CIRCUIT DESCRIPTION 
(See schematic diagram pullouts at rear of man- 
ual.) 

INPUT Mode Switch 

Signals applied to the + or — INPUT connector can be 
AC coupled, DC coupled or internally disconnected. When 
the INPUT Mode Switch is in the DC position, the input sig- 
nal is coupled directly to the Input Attenuator. In the AC 
position, the AC signal is coupled through capacitor Cl 
while the DC component is blocked. The GND position in- 
ternally disconnects the signal from the 7A13 and connects 
GND to the Input Attenuator. This provides a gound refer- 
ence for the amplifier without requiring removal of the 
input probes. 

When the Input Mode switch is set to Vc, the signal is in- 
ternally disconnected while the comparison voltage Vc is 
applied to the gate of the Input FET. This provides a DC 
reference for one input of the Differential Comparator while 
the signal is applied to the other. 

Input Attenuators 

The Input Attenuators work in conjunction with the VOLTS/ 
DIV switch S50. When the VOLTS/DIV switch is set to the 
1, 2, 5, 10, 20 or 50mV/DIV position, relays K6 and K26 are 
de-energized, and K 7 and K27 are energized. The relays 
are connected so the signals present at the inputs by-pass 
both attenuators. (The above description applies only when 
the VARIABLE VOLTS/DIV is depressed.) When the INPUT 
Mode switches are not set to the Vc position, the signals 
above pass through contacts K10-1 and K30-1 to the + and 
— Input Source and Emitter Followers. 

When the VOLTS/DIV switch is set o 0.1, 0.2 or 0.5 V/ 
DIV position, the following occurs: Relays K 6 and K26 re- 
main in the same state; however, relays K 7 and K27 change 
their states, thereby causing the two signals above to pass 
through the second attenuators. The signals then pass 
through contacts K10-1 and K30-1 as described earlier. 



When the VOLTS/DIV switch is set to 1, 2 or 5V/DIV, 
the following occurs: Relays K 6 and K26 change their states, 
whereas K 7 and K27 remain in the same state. Thus, the 
two signals must now pass through both attenuators. The 
signals then pass through contacts K10-1 and K30-1 as de- 
scribed previously. The foregoing three cases of VOLTS/ 
DIV switch settings correspond to attenuation factors of XI, 
X10 and XI 00. These attenuators are almost identical for 
the H~ and — INPUT channels. They are the conventional 
RC type attenuators. 

The attenuators (Schematic Diagram number 1) are fre- 
quency-compensated voltage dividers which provide con- 
stant attenuation at all frequencies within the bandwidth of 
the instrument, while maintaining a constant input time con- 
stant (20 /as) for all positions of the VOLTS/DIV switch. 

Each attenuator contains an adjustable capacitor to pro- 
vide correct attenuation at high frequencies and adjustable 
shunt capacitance to provide correct input capacitance. 



Input Source and Emitter Followers 

The Input Source and Emitter Followers provide a very 
high input impedance so that they do not load down the 
attenuator circuit elements. These stages are identical for 
both channels. Therefore, the following description of the 
+ INPUT channel describes the — INPUT also. 

The -{- INPUT Source and Emitter Followers include Q120, 
Q130A, QUO, Q145, Q118, Q115, QUO and Q105 and their 
associated components. Q120 and Q130A are the Source and 
Emitter Followers. QUO and Q145 form a Current Source of 
approximately 18 mA. Q118 is a bootstrapping emitter fol- 
lower. Q115 and QUO form overdrive protection circuit 
along with diodes CR101, CR102, CR110 and CR112. Q105 
is a current source. 

The input signal appearing at the emitter of Q130A is 
very close to that which appears at the gate of Q120. That 
is, the input stage has a voltage gain very close to unity. 
The bootstrapping and active long tail help to achieve this 
efficiency. 

The Input Source and Emitter Follower provides an ex- 
tremely high input impedance and a low output impedance. 
The signal from the attenuator is applied to the gate of FET 
Q120, which operates a source follower. The source of 
Q120 is connected to emitter follower Q130 which drives 
the voltage amplifier through the disconnect circuitry. Q120 
source and Q130 emitter are coupled through R124 and 
R134 respectively, to current source Q145 and QUO. The 
output of Q130 is also applied to the base of emitter fol- 
lower Q118. The resistive tails of Q118, Q120, and Q130 
all connect to the collector of the current source Q145. The 
resistive tails effectively parallel to drive the collector ca- 
pacitance of Q145, so that the voltage differences across 
R124 and R134 are quite small. This results in a very small 
signal current through R124 and R134, making their imped- 
ance to the signal very high. R126 has negligible effect on 
the bootstrapped voltage since its impedance is much less 
than the output impedance of the constant current source. 

Q1 1 5 is an emitter follower which couples the signal 
from the emitter of Q118 to the drain of Q120 and the col- 
lector of QUO. This allows the drain and collector to fol- 
low the input and maintain approximately constant quies- 
cent conditions with large amplitude input signals. This 
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process, called bootstrapping, results in minimal transistor 
parameter changes and greatly reduced Miller capacitance. 
The R113-C113 time constant compensates for an effective 
RL time constant introduced by Q118. R112 and Cl 12 pro- 
vide high frequency compensation for bootstrap to Q1 1 5. 
C110 serves as a decoupling capacitor for Q118. Cl 17 is 
for high frequency compensation. R131 and Cl 31 provide 
thermal compensation for Q130; R131 sets DC quiescent 
conditions of Q130; R112 sets the DC quiescent point of Q120 
and Q130. R122 and Cl 22 provide high frequency compensa- 
tion to the bootstrap signal to Q120 and Q130 from Q115. 

Q105, Q140 and Q145 form current sousces for the input 
amplifier. 

Cl 24 and Cl 34 are common mode adjustments which are 
adjusted for proper phase matching between the two 
amplifiers. 

The protection circuit consists of QUO, CR112, CRT 10, VR 
103, CR102, CR134 and CR101. With inputs less than ±15 V, 
QUO is saturated, forward biasing CR110, thus essentially 
connecting the +25 V to the input amplifier. Q105 is oper- 
ating as a constant current source for biasing Q115, and 
CR112 is conducting. Current is returned to the power sup- 
ply through forward biased CR134 and the constant current 
source Q145. 47 V zener diode VR103 is in a non-conduct- 
ing state with an anode-cathode voltage of approximately 
—41 volts DC. CR102 and CR101 are reverse biased, and 
thus non-conducting. CR101 is a very low leakage (less than 
10 pA) low capacity (less than 1 pF) diode, in order to mini- 
mize input loading. 

If a positive signal is applied to the input, the current 
through the Q120 FET increases, thus increasing the source 
voltage, allowing it to follow the input. The Q120 FET cur- 
rent is ultimately limited by the constant current source 
Q145 such that when the input exceeds about +15 volts, 
Q120 FET drain current ceases to increase, and the Q120 
FET gate-source junction forward biases. If the input con- 
tinues to go more positive, the FET source voltage follows 
the input signal, which is now supplying current to the input 
amplifier, saturating Q130, Q118, and Q115. 

If the voltage of the signal exceeds about +25 volts, the 
voltage at the base of Q115 approximately equals or ex- 
ceds the voltage at the collector of Q105, thus reverse 
biasing CR12 and essentially disconnecting Q115 base 
from the constant current source Q105. Similarly, when the 
collector voltage of saturated Q118 approximately equals 
or exceeds the emitter voltage of QUO, CR10 is reverse 
biased, thus disconnecting Q118 from the +25 V supply. 
This action then allows the input amplifier to float with the 
input signal at approximately the same potential through- 
out, isolated from the + power supplied by CR112 and CR 
110. Q145 has sufficient power, current and voltage speci- 
fications to handle signals of approximately +50 volts in- 
put. Disconnect transistor Q152 disconnects the input ampli- 
fier from the succeeding stages. 

If a negative signal is applied to the input, the junction 
of R124, R126, R134, and CR134 follows. When the voltage 
at this point is approximately equal to or more negative 
than the voltage at the collector Q145, CR134 becomes re- 
verse biased and thus disconnects the input amplifier from 
the supply return. If the signal becomes more negative than 
about —15 volts, CR101 and CR102 become forward bias- 



ed, thus locking the anode end of VR103 to approximately 
the same potential as the input signal. If the input signal 
becomes approximately equal to or more negative than 
about —21 volts, zener diode VR103 begins to conduct, 
locking the base of QUO and the base of Q105 to a level 
about 48 volts above the input signal. As the input signal 
goes more negative, QUO goes out of saturation and is 
turned off. This disconnects the input amplifier from the 
+ 25 V supply. Disconnect diode CR150 disconnects the in- 
put amplifier from succeeding stages. 

Differential Signal and Common Mode Signal 
Clamps 

The disconnect circuit consists of CR150 and Q152, with 
R152 operating as a constant current source of .5 mA to the 
base of Q152. The clamp circuit consists of VR155, CR158, 
CR156, VR157, CR152 and CR154, CR252 and CR254. When 
the input signal to the 7A13 is between about +12V and 
—12 V, CR150 is forward biased and Q152 is saturated. 
The base of Q152 is fed by a current source so that the 
base voltage, and hence the emitter voltage, can follow the 
collector voltage. CR152, CR154, CR252, CR254 serve as 
clamp diodes, clamping at a level determined by the zener 
diodes VR155 and VR157. 

The voltages at the junction of VR155 and CR156, and at 
the junction of VR157 and CR158, are constant at about 
+ 12 V and —12 V, respectively. When the base voltage of 
Q152 exceeds +13.5 volts, CR152 and CR156 become for- 
ward biased, clamping the base voltage of Q152 at this 
level. Similarly, the bases of Q152 and Q252 are clamped 
for negative signals by forward biasing CR154, CR252 and 
CR158. If the input signal is in excess of +12.1 volts, the 
base of Q152 becomes clamped and no longer follows the 
collector voltage. The collector voltage can follow the in- 
put up to the Vce breakdown level. If the input signal is in 
excess of —12.8 volts, the base of Q152 becomes clamped 
(at —12.1) and CR150 becomes reverse biased, disconnect- 
ing the comparator from the input amplifier. 



Differential Comparator 

The Differential Comparator includes Q160A and B, 
Q170, Q270, Q255, Q258 and Q165. Q160A and B actually 
form the comparator, which has a Constant Current Source 
formed by Q255 and Q258 supplying 25 mA. Bootstrap- 
ping is accomplished by Q165. The cascode connections 
are made to Q170 and Q270. 

The gain of the Differential Comparator is approximate- 
ly one. Capacitors Cl 62, C262, Cl 71 and C271 are adjust- 
able for good high frequency common mode rejection 
ratio (CMRR). Cl 63 is adjustable for good transient (step) 
response. Diode VR166 is used as a DC level raising diode. 
R1 67 is a thermal compensating potentiometer. 



Xl-XlO Gain-Switching Amplifier 

The X1-X10 Gain Switching Amplifier consists of Q185A 
and B, Q195A and B and associated components. When 
the VOLTS/DIV switch is not in the 1, 2 or 5 V/DIV position 
and the VAR knob is pulled out, X10 GAIN relays are set 
for an attenuation factor of 10. That is, the relay contacts 
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are in the labeled (on schematic No. 2) XI 0 positions. This 
diverts 90% of the signal current through R194, thereby re- 
ducing the overall gain by 10X. R288 provides an internal 
DC balance control. R284 is the front panel X10 BAL ad- 
justment. Cl 87 and R187 are transient response adjustments. 



X1-X2-X5 Gain-Switching Amplifier 

The X1-X2-X5 Gain Switching Amplifier is composed of 
Q300A and B, Q320A and B and their associated compo- 
nents. The amplifier operates in a manner similar to the 
X 1 -X 1 0 Gain-Switching Amplifier. However, there is one ad- 
ditional component; a thermistor-varactor diode thermal 
network across the emitters of Q300A and B. This is a tran- 
sient response “fixer" for temperature variations of the 
many transistor parameters. In effect, the capacitance of 
the varactor diode CR401 varies in accordance with the 
thermistor-resistor bias network R300 and R303. This spikes 
up or rolls off the front corner of the step response wave- 
form as temperature is changed. The net result is a good 
square-cornered step response. 

C319 and R319 provide high frequency compensation. 



Driver Amplifier 

The Driver Amplifier is a PNP cascode circuit including 
Q330, Q430, Q340 and Q440 and associated components. 
The front panel POSITION control is connected to the emit- 
ter of Q430 and the position center adjustment to the emit- 
ter of Q330. Resistor R439 and capacitor C439 are for high 
frequency compensation. Adjustable components C432 and 
R432 also improve the transient response of the amplifier. 
The amplifier has a voltage gain of approximately 2.7. 



Output Amplifier 

The Output Amplifier is an NPN cascode amplifier with 
a voltage gain of approximately 2.7. It includes Q350, 
Q450, Q360 and Q460 and associated components. Resis- 
tor R456 and capacitor C456 are for high frequency com- 
pensation. Potentiometer R360 is a Signal DC Level adjust- 
ment for the collectors of Q360 and Q460. Diodes CR364 
and CR365 limit the output signal swing to ±0.6 volts. 
C364, C464, L364, and L464 form a 3 pole 5 MHz low pass 
filter whenever the BW switch is set to 5 MHz via relay 
K490-1 and -2. 



Trigger Amplifier 

The Trigger Amplifier consists of Q370, Q470, Q380, 
Q480 and associated components. Resistor R374 and ca- 
pacitor C374 provide high frequency compensation. C372, 
R477 and C477 are also added for that reason. Resistor 
R371 is the trigger DC balance adjustment. Resistor R380 is 
present to adjust the output trigger DC level at the collec- 
tors of Q380 and Q480. The output triggers are applied to 
the indicator oscilloscope by pins A13 and B13. They are 
also applied to the Feedback Limiter via pins AN and AV 



of the Output Amplifier board and Al and AK of the Input 
Amplifier board. 

Feedback Limiter 

The Feedback Limiter includes Q180, Q280, Q182 and 
Q282 and associated components. This circuit prevents all 
the amplifiers within the feedback loop from being driven 
to saturation or cutoff. This is necessary to produce good 
“recovery time" in the 7A13. (See Section 1, Specification). 

Transistors Q180, Q182, Q280 and Q282 are normally 
biased off. The feedback voltages from Q380 and Q480 
of the Trigger Amplifier are approximately zero unless the 
signal swings increase the voltage to plus and minus 0.6 
volt. As the signal swings beyond this excursion, transistors 
Q180, Q182, Q280 and Q282 start to conduct. This effec- 
tively shorts the base of Q185A to the base of Q185B which 
results in reducing the signal swing that started the cycle. 
In this manner, the Feedback Limiter controls the signal swing 
of the Output Amplifier. 

Readout Logic and Vc Decimal Lamp Driver 

The Readout Logic and Vc Decimal Lamp Logic operate 
upon the probe attenuation information from the third con- 
tacts of the + and — INPUT jacks. The Readout Logic cir- 
cuit consists of Q40, CR40 through CR43 and associated 
components. Three wafers of the VOLTS/DIV switch are 
employed to transmit attenuation information to the indicator 
oscilloscope. The total information is sent out via pins A30 
(m), A32 (XI, X2 and X5), A37 (column), B32 (UNCAL), B29 
(VOLTS), B37 (ROW) and B33 (XI, X10 and XI 00) of the 
output board. The Vc Decimal Lamp Driver includes Q60, 
Q65, Q70 and Q75 and associated components. The pur- 
pose of this circuitry is to light an appropriate XI, XI 0 or 
XI 00 lamp. The input signal comes from the diode pair 
CR40 and CR43 of the Readout Logic board. 

Low Voltage Power Supplies 

The Low Voltage Power Supplies operate upon receipt 
of +50 V DC, + 15 V DC, -15 V DC and -50 V DC to 
produce the following voltages: +50V DC, +25 V DC, 
+ 14 V DC, +8 V DC, +5 V DC, -8 V DC, -15 V DC and 
—50 V DC. These voltages are further divided into several 
decoupled supplies. For example, +15 V DC is decoupled 
five times, once for each load. Similarly the other DC sup- 
plies are decoupled from their loads. 

Comparison Voltage Generator 

The Comparison Voltage Generator operates upon re- 
ceipt of + or —50 V DC depending on the Vc polarity 
switches. Zener diode VR570 is used as an 11.7 volt refer- 
ence. Approximately 10 mA are supplied through R572 to 
the zener diode VR570. Potentiometer R575 and R576 set 
the one volt reference between the two poles of switch 
SW575. Potentiometer R577 is the variable COMPARISON 
VOLTAGE (Vc) FINE control. 
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Type 7A13 



Change information, if any, affecting this section will be found at the 
rear of the manual. 



Information which will aid in keeping the Type 7A13 op- 
erating at its peak performance is contained in this section. 
Cleaning, lubricating and visual inspection hints are included 
under preventive maintenance. The section on corrective 
maintenance includes troubleshooting and correction pro- 
cedures. Parts identification and soldering techniques are 
included where necessary. 

PREVENTIVE MAINTENANCE 

General 

The instrument should be cleaned, lubricated, inspected 
and recalibrated at regular intervals. A recommended sched- 
ule for average operating conditions is every 6 months or 
every 1000 hours of operation, whichever occurs first. 

Cleaning the Front Panel 

Loose dust may be removed with cloth and a dry paint 
brush. Water and mild detergents such as Kelite or Spray- 
White may be used. 

CAUTION 

Avoid the use of chemical agents which might dam- 
age the plastics used in this unit. Avoid chemicals 
such as benzene, toluene, xylene, acetone or simi- 
lar solvents. 

Cleaning the Interior 

Cleaning of the interior of the unit should precede cali- 
bration, since the cleaning process could alter the setting 
of the calibration adjustments. 

To clean the interior, use low-velocity compressed air to 
blow off the accumulated dust. Very high velocity air streams 
should be avoided to prevent damage to components. 

WARNING 

Use an eye-shield when cleaning with pressurized 
air. 

Hardened dirt can be removed with a paint brush, cotton 
tipped swab or cloth dampened with water and mild deter- 
gent solution Avoid the use of the following chemical clean- 
ing agents that might damage the plastic parts, especially 
the Attenuator etched circuit board: Acetone, trichloroethyl- 
ene, chloroethane, and methyl ethyl ketone. 

Visual Inspection 

The unit should be inspected occasionally for such defects 
as poor connections, broken or damaged circuit boards, im- 



properly seated transistors and heat-damaged parts. The 
remedy for most visible defects is obvious. But, damage from 
overheating is usually a symptom of less obvious trouble; 
and unless the cause is determined before parts are replaced, 
the damage may be repeated. 

Transistor Checks 

Periodic preventive maintenance checks on the transistors 
used in the unit are not recommended. The circuits within the 
unit generally provide the most satisfactory means of check- 
ing transistor usability. Performance of the circuits is thor- 
oughly checked during recalibration, and substandard tran- 
sistors will usually be detected at that time. 

Calibration 

To insure accurate measurements, the Type 7A13 cali- 
bration should be checked after each 1000 hours of operation 
or every six months if used intermittently. Complete cali- 
bration instructions are contained in Section 5. 

The calibration procedure can be helpful in isolating major 
troubles in the unit. Moreover, minor troubles not apparent 
during regular operation may be revealed and corrected 
during calibration. 

CORRECTIVE MAINTENANCE 

General 

Replacement of some parts in the unit should be done by 
following a definite procedure. Some procedures, such as 
soldering and replacing components on the circuit board, are 
outlined in this portion of the manual. 

Many electrical components are mounted in a particular 
way to reduce or control stray capacitance and inductance. 
When selecting replacement parts, it is important to remem- 
ber that the physical size and shape of a component may 
affect its performance at high frequencies. When a repair 
is made, calibration and performance of the relevant por- 
tions of the circuit should be checked. Refer to Table 4-1 
and to the Performance Check/Calibration procedure in 
Section 5 and perform the applicable steps. 

Obtaining Replacement Parts 

Standard Parts. All electrical and mechanical part re- 
placements for the Type 7A13 can be obtained through your 
local Tektronix Field Office or representative. However, many 
of the standard electronic components can be obtained 
locally in less time than is required to order them from Tek- 
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TABLE 4-1 

RECALIBRATION AFTER REPAIR 



Areas of Repair 


Checks & Adjustments 
Affected 


Section 5 Calibration 
Step 


Input Mode Switches 


Input R and C, attenuator com- 
pensation, CMRR low-frequency 
response 


Steps 12 through 16. 


Input Attenuators 


Steps 18, 19, 21, 22. 


Input Amplifier 


DC adjustments, gain CMRR, 
high-frequency compensation 


Steps 1 through 9. 

Steps 11, 17, 20, 25, 32, 33. 


Output Amplifier 


DC adjustments, gain, CMRR, 
high-frequency compensation 


Steps 1 through 9. 

Steps 17, 20, 25, 26, 32, 33. 


Trigger Amplifier 


Gain, high-frequency response 


Steps 17 and 20. 
Steps 23 through 24. 


Comparison Voltage 


Comparison voltage 


Steps 27 through 31. 



tronix, Inc. Before purchasing or ordering replacement parts, 
check the parts list for value, tolerance, rating and de- 
scription. 

NOTE 

When selecting replacement parts, it is important 
to remember that the physical size and shape of 
the component may affect its performance in the 
instrument, particularly at high frequencies. All re- 
placement parts should be direct replacements un- 
less it is known that a different component will not 
adversely affect instrument performance. 

Special Parts 

Some parts are manufactured or selected by Tektronix to 
satisfy particular requirements, or are manufactured for Tek- 
tronix to our specifications. These and most mechanical parts 
should be ordered through your Tektronix Field Engineer or 
Field Office. See Parts Ordering Information and Special 
Notes and Symbols on the page immediately preceding 
Section 6. 



Soldering Techniques 

Attenuator Board. The Attenuator circuit board is made 
from polyphenylene oxide because of its excellent electrical 
characteristics. Use more than ordinary care when soldering. 
The following rules should be observed when removing or 
replacing parts on this board: 

1. Do not apply any mechanical stress to the board. 

2. Use a very small soldering iron (not over 15 watts). 

3. Use low-temperature solder. 

4. Do not apply more heat, or apply heat for a longer 
time, than is absolutely necessary. 

5. Use some form of solder removing device (desoldering 
tool) especially when removing multi-lead devices. 

Input and Output Boards. Use ordinary 60/40 solder 
and a 15 to 30 watt pencil type soldering iron on the circuit 
boards. The tip of the iron should be clean and properly 
tinned for best heat transfer to the solder joint. A higher 
wattage soldering iron may separate the etched wiring from 
the base material. 



All Circuit Boards. The following technique should be 
used to replace a component on a circuit board. Many of 
the components can be replaced without removing the board 
from the unit. 

1. Grip the component lead with long-nose pliers. Touch 
the soldering iron to the lead at the solder connection. Do 
not touch the soldering iron tip directly on the board, as it 
may damage the board. 

NOTE 

(Alternate procedures for steps 1 and 2) 

If the board has been removed so that the solder- 
ing iron can be applied to the back side of the 
board, a solder-removing device is extremely useful 
for removing solder from the connection to expedite 
component removal. 

2. When the solder begins to melt, pull the lead out gen- 
tly. This should leave a clean hole in the board. If not, the 
hole can be cleaned by reheating the solder and placing a 
sharp object, such as a toothpick or pointed tool, into the 
hole to clean it out. Another method for cleaning the hole 
is to use a solder-removing device. 

3. Bend the leads of the new component to fit the holes in 
the board. Cut the leads of the new component to the same 
length as those of the old component. Insert the leads into 
the board until the component is firmly seated against the 




Fig. 4-1. Using needle-noise pliers as a heat sink. 
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Fig. 4-2. Transistor pm identification. 



board, or os positioned originally. If it does not seal proper- 
ly, heat the joint, and gently press the component into place. 

4. Apply the iron and a small amount of solder to the con- 
nection to moke o firm solder joint. To protect heat-sensitive 
components, hold the lead between the component body and 
the solder joint with a pair of long-nose pliers or other heat 
sink, see Fig. 4 - 1 . 

5. Clip the excess lead that protrudes through the board, 

6. Clean the area around the soldered connection with 
flux-remover solvent to maintain good environmental charac- 
teristics and appearance. Be careful not to remove informa- 
tion printed on the board. 

CAUTION 

Silk screen lettering dissolves when contacted by 
flux-remover. 



Metal Terminals. When soldering to metal terminals (inter- 
connecting plug pins, switch terminals, potentiometers, etc.) 
ordinary 60/40 solder can be used. The soldering Iron should 
have a 40 to 75 watt rating with a y D inch wide chisel-shaped 
tip. 

Observe the following precautions when soldering to metal 
terminals; 

1. Apply heat only long enough to make the solder flow 
freely. 

2. Apply only enough solder to form a solid connection; 
excess solder may impair the function of the part. 

3. If a wire extends beyond the solder joint, clip the excess 
close to Iho joint. 

4. Clean the flux from the solder joint with a flux-remover 
solvent to maintain good environmental characteristics and 
appearance. 
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